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, , Larmor $=0$
, 2 Euler $[$3,4$]$ ,
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, Dirac $\psi(r)$ ,
$u(r)$ , $\omega(r)$ , , $z$
, $x-y$
$\psi(r)$ $= \sum_{i}^{N}\Gamma_{i}G(r-r_{i})=-\frac{1}{2\pi}\sum_{i}^{N}\Gamma_{i}\ln|r-r_{i}|$ , (2)
$u(r)$ $=$ $\nabla\cross(\psi(r)\hat{z})=\frac{1}{2\pi}\sum_{i}^{N}\Gamma_{i}\hat{z}\cross\nabla\ln|r-r_{i}|=\frac{1}{2\pi}\sum_{i}^{N}\Gamma_{i}\frac{\hat{z}\cross(r-r_{i})}{|r-r_{1}|^{2}}$ (3)
$\omega(r)$ $= \nabla\cross\nabla\cross(\psi(r)\hat{z})=\sum_{:}^{N}\Gamma_{i}\delta(r-r_{i})\hat{z}$ (4)
, $G(r)$ 2 Poisson Green [9], $r_{i},$ $\Gamma_{i}$ $i$








$\frac{\partial}{\partial t}r_{k}=u(r_{k})=\frac{1}{2\pi}\sum_{\neq k}\Gamma_{i}\frac{\hat{z}x(r_{k}-r_{1})}{|r_{k}-r_{i}|^{2}}$ (7)




, $H$ $I$ ,
$H$ $=$ $- \frac{1}{4\pi}\sum_{i}^{N}\sum_{j\neq i}^{N}\Gamma_{i}\Gamma_{j}\ln|r_{i}-r_{j}|$ (8)
$I= \sum_{i}^{N}\Gamma_{i}|r_{i}|^{2}$ (9)
$k$ , $r_{k}=(x_{k}, y_{k})$ (7) ,
(8)
$\Gamma_{k}\frac{dx_{k}}{dt}=\frac{\partial H}{\partial y_{k}}$ , $\Gamma_{k}\frac{dy_{k}}{dt}=-\frac{\partial H}{\partial x_{k}}$ (10)
, , , $N/2$ $\Gamma_{0}(>0$ : $)$ ( )
, $N/2$ $-\Gamma_{0}$ ( ) $R$
$N$ , 6724 ,







(11) , (10) Biot-Savart
,
$\frac{\partial}{\partial t}r_{k}$ $=$ $\frac{1}{2\pi}\sum_{*\neq k}^{N}\Gamma_{i}\frac{\hat{z}\cross(r_{k}-r_{i})}{|r_{k}-r_{i}|^{2}}-\frac{1}{2\pi}\sum_{i}^{N}\Gamma_{i}\frac{\hat{z}\cross(r_{k}-\overline{r}_{i})}{|r_{k}-\overline{r}_{1}|^{2}}$ (12)
(12)
, (12) $N\approx 6000$ ,
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MDGRAPE3 , Biot-Savart ,
, 12000 400
, 20 [4, 10]




$T$ , $S$ , $E$
$\frac{1}{T}=\frac{\partial S}{\partial E}=k_{B}\frac{\partial\ln It^{\gamma}(E)}{\partial E}$ (13)




, $W(E)$ , $Earrow\infty$
$W(E)arrow 0$ , $E_{0}$
, $E>E_{0}$ $W(E)$ , $E>E_{0}$ , (13)
, (13) ,

















, , [4, 11]
4.1















, 1 , 1
, , 4
$d$ $($ $5-2)^{1/2}R$ ,
















2 , 6, 7 ,
(plus-plus : , PP ), (plus-minus : , PM
)
6: , 2 ,
, , $-$
, 1
( 6), , PP, PM
, , 6 , 1
, ( 7), , 7
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, $\beta,$ $\nu$ ,
, [12] ,
, , ,
$H_{i}$ , , (9), (11) , $\sim$ , $i$
1 , ,
$H_{i+1\prime}$ $I_{*+1}$ , $\exp(-\beta H_{i+1}+\nu I_{\dot{*}+1})>\exp(-\beta H_{t}+\nu I_{i})$























$E(k)$ $=$ $\frac{1}{4\pi k}\sum_{*}^{N}\Gamma_{i}^{2}+\frac{1}{4\pi k}\sum_{i}^{N}\sum_{j\neq:}^{N}\Gamma_{i}\Gamma_{j}J_{0}(k|r_{i}-r_{j}|)$
$- \frac{1}{2\pi k}\sum_{i}^{N}\sum_{j}^{N}\Gamma_{i}\Gamma_{j}\sum_{\ell=0}^{\infty}\epsilon_{\ell}(\frac{|r_{j}|}{[\{})^{\ell}\cross J_{\ell}(kR)J_{\ell}(k|r_{i}|)\cos(\ell(\varphi_{i}-\varphi_{j}))$
$+ \frac{1}{2\pi k}\sum_{:}^{N}\sum_{j}^{N}\Gamma_{i}\Gamma_{j}\sum_{\ell=0}^{\infty}\epsilon_{\ell}(\frac{|r_{j}|}{R})^{\ell}xJ_{\ell}^{2}(kR)\cos(\ell(\varphi_{i}-\varphi_{j}))$ (17)
$\epsilon_{\ell}$ $=$ $\{\begin{array}{l}1 \ell=0,2 \ell\geq 1,\end{array}$ (18)
$x_{i}$ $=$ $|r_{i}|\cos(\varphi_{i})$ , $y_{i}=|r_{i}|\sin(\varphi_{i})$ . (19)
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